Rationale Recent studies suggest that orexin/hypocretin is involved in drug reward and drug-seeking behaviors, including ethanol self-administration. However, orexin's role in ethanol-induced seeking behaviors remains unclear. Objective These studies examined the role of orexin in the acquisition and expression of ethanol conditioned place preference (CPP) using the orexin 1 receptor (OX1R) antagonist SB-334867. Methods Effects of SB-334867 (0-30 mg/kg) on locomotor activity were determined in DBA/2J mice (Experiment 1). SB-334867 (0-30 mg/kg) was administered during acquisition of ethanol (2 g/kg) CPP to determine whether orexin signaling is required (Experiment 2). Blood ethanol concentrations (BECs) were measured after ethanol (2 g/kg) injection to determine whether SB-334867 (30 mg/kg) pretreatment altered ethanol pharmacokinetics (Experiment 3). Finally, SB-334867 (0-40 mg/kg) was given before ethanol-free preference testing (Experiments 4 and 5).
Introduction
The neuropeptides orexin A and B (also called hypocretin 1 and 2) were discovered in 1998 and shown to have behavioral effects on arousal and feeding Hara et al. 2001; Sakurai et al. 1998) . These peptides are expressed mainly in neurons of the perifornical region and lateral hypothalamus (LH), though orexin fibers and receptors are widely distributed throughout the brain Peyron et al. 1998 ). This ubiquity is consistent with orexin's wide array of physiological functions ). There are two G-protein coupled orexin receptor subtypes, orexin 1 receptor (OX1R), which has higher affinity for orexin A, and orexin 2 receptor (OX2R), which has high affinity for both peptides (Sakurai et al. 1998) . Though orexins have been well characterized for their role in arousal and feeding, a recent surge of research has provided increasing evidence for orexin involvement in drug reward and drug-seeking behaviors (Harris and Aston-Jones 2006; Aston-Jones et al. 2009 Bonci and Borgland 2009) . Consistent with this function, orexin fibers project to regions important for reward processing such as the ventral tegmental area (VTA), amygdala, and nucleus accumbens (NAc; Fadel and Deutch 2002; Peyron et al. 1998) . Of particular relevance to addiction, orexin is hypothesized to affect glutamate-mediated responses of VTA dopamine neurons .
Much of the initial evidence for this hypothesis came from studies using the conditioned place preference (CPP) procedure. For example, bilateral lesion of orexin neurons in the LH (Harris et al. 2007) or intra-VTA injection of the selective OX1R antagonist SB-334867 (Narita et al. 2006) interfered with acquisition of morphine-induced CPP in rats. Moreover, a disconnection technique showed that unilateral lesion of the LH and contralateral intra-VTA infusion of the OX1R antagonist blocked acquisition of morphine CPP, although neither treatment had any effect on its own, suggesting that the orexin projection from LH to VTA is essential for morphine reward or for learning to associate a stimulus context with morphine's effects (Harris et al. 2007) . Studies have also linked orexin to expression of drug-conditioned behavior. For example, orexin neurons were activated in proportion to the magnitude of morphine CPP expressed and activation of OX1Rs in the VTA was sufficient to reinstate an extinguished morphine CPP (Harris et al. 2005) . Blocking OX1Rs also disrupted expression of morphine CPP (Harris et al. 2005 ) and cue or context induced reinstatement of an extinguished lever press response previously reinforced by cocaine , suggesting that these receptors are important for the expression of drug-induced conditioned motivational or conditioned rewarding effects (i.e., drug seeking). However, OX1R blockade had no effect on established cocaine self-administration, indicating no role for orexin signaling in cocaine's primary reinforcing effect ).
In contrast, relatively less is known about the role of orexin in ethanol-rewarded behaviors. One recent study showed that orexin-A injected into the LH or paraventricular nucleus (but not NAc) selectively induced ethanol intake rather than food intake in rats (Schneider et al. 2007) . Another study showed a trend for a correlation between OX1R gene expression in the hypothalamus and ethanol self-administration in rats (Pickering et al. 2007 ). Further supporting a role for OX1R in ethanol consumption by rats, OX1R antagonism reduced ethanol intake in a twobottle choice drinking procedure (Moorman and AstonJones 2009 ) and in operant self-administration procedures (Lawrence et al. 2006; Richards et al. 2008) . OX1R blockade also interfered with reinstatement of an extinguished operant response induced by yohimbine (Richards et al. 2008) or a cue previously paired with access to ethanol (Lawrence et al. 2006) . Moreover, an ethanolpaired stimulus that produced reinstatement was also found to activate hypothalamic orexin neurons (Dayas et al. 2008) . Thus, in contrast to cocaine , orexin signaling may be involved in both the primary as well as the conditioned reinforcing effects of ethanol.
Interpretation of drug pretreatment effects on oral ethanol self-administration is potentially complicated because oral ethanol intake is sometimes reinforced more by ethanol's taste and calories than by its presumed rewarding post-absorptive pharmacological effects (Cunningham et al. 2000; Dole et al. 1985; Leeman et al. 2010) . Given orexin's prominent role in feeding behavior, it is important to also study its role in an ethanol reward model that minimizes the role of taste and is more clearly based on induction of a strong pharmacological effect. Thus, the present studies used the CPP procedure, which was previously used successfully to characterize orexin's role in morphine reward (Harris et al. 2005 (Harris et al. , 2007 Narita et al. 2006) . More specifically, the present experiments were designed to determine whether orexin influences the acquisition (Experiment 2) or expression (Experiments 4 and 5) of ethanolinduced CPP using systemic administration of the selective OX1R antagonist SB-334867 in DBA/2J mice. SB-334867 has approximately 50-fold selectivity for the OX1R over the OX2R Smart et al. 2001) . SB-334867 easily penetrates the CNS, and in rats, peak plasma and brain concentrations are achieved at 30 min after intraperitoneal (IP) administration (Ishii et al. 2005) . Given previous findings with morphine, cocaine, and ethanol in rats (see above), we expected acquisition and expression of ethanol CPP to be reduced or eliminated due to blockade of OX1R signaling in brain regions such as the VTA and amygdala, which have been shown to be important for expression of ethanol-induced CPP (Bechtholt and Cunningham 2005; Gremel and Cunningham 2009 ).
Materials and methods

Animals
Male DBA/2J mice arrived at 6-9 weeks of age from Jackson Laboratory (Davis, CA) and were housed in groups of four in polycarbonate cages with corncob bedding. The cages were housed in a ventilated Thoren rack. Mice were allowed to acclimate to the housing environment for 2 weeks before any experimental procedures. The colony room was kept at approximately 21°C on a normal 12 h light cycle (lights on 7 am-7 pm) and experiments were conducted during the day. Food and water were available continuously in the home cage. The Oregon Health and Science University Institutional Animal Care and Use Committee approved all experimental procedures, which followed the National Institutes of Health "Principles of Laboratory Animal Care." Apparatus Twelve conditioning boxes (30×15×15 cm) were enclosed in light and sound-attenuating chambers equipped with a fan (55.9×40.6×45.7 cm; Coulbourn Instruments, Whitehall, PA; Model E10-20). All experimental procedures were conducted without lights in these chambers. The long sides and lid of the conditioning boxes were made of acrylic and the end panels were made of aluminum. Photodetectors and infrared light sources were mounted 2.2 cm above the floor of the conditioning box at 5-cm intervals along the sides of the box. A computer recorded activity and position of mice within the conditioning box. Interchangeable grid and hole floor halves were used as tactile conditioned stimuli (CSs). During conditioning trials, matching floor halves were placed under the conditioning box (i.e., one compartment training procedure). On preference test days, one of each floor type was presented, counterbalanced for position within each group. The grid floor was constructed of 2.3 mm stainless steel rods attached 6.4 mm apart on acrylic rails. The hole floor was made of 16 gauge stainless steel with 6.4-mm diameter round holes on 9.5 mm staggered centers. Previous studies have shown that groups of saline-treated DBA/2J mice show approximately equal preference for each tactile floor cue (Cunningham et al. 2003) . A picture of the apparatus has been published ).
Drugs
Ethanol (20%, v/v) was prepared from a 95% stock solution diluted in saline (0.9% NaCl) and injected IP at 2 g/kg (12.5 ml/kg). This ethanol dose has repeatedly been shown to rapidly condition a strong place preference in DBA/2J mice (e.g., Groblewski et al. 2008) . SB-334867 (N-(2-Methyl-6-benzoxazolyl)-N′-1,5-naphthyridin-4-yl urea, Tocris Bioscience, Ellisville, MO) was prepared in a stock concentration of 1.5 mg/ml and suspended in 20% (w/v) hydroxypropol-β-cyclodextrin and 1.5% (v/v) dimethyl sulfoxide (DMSO) in saline. Due to the low solubility of SB-334867, β-cyclodextrin has been widely used as the vehicle in many studies of the antagonist's effects on drugrelated behaviors (e.g., Moorman and Aston-Jones 2009; Richards et al. 2008; Smith et al. 2009 Smith et al. , 2010 . SB-334867 or vehicle was injected IP at a volume of 20 ml/kg unless noted otherwise. SB-334867 was administered at doses of 0, 10, 15, 20, 30, or 40 mg/kg. Systemic doses in this range have been reported to be effective in both rats and mice in several different behavioral procedures (Harris et al. 2005; Lawrence et al. 2006; Moorman and Aston-Jones 2009; Richards et al. 2008; Rodgers et al. 2001; Sharf et al. 2008; Smith et al. 2009 Smith et al. , 2010 .
Experiment 1: SB-334867 effects on locomotor activity Because the effects of SB-334867 on locomotor activity had not previously been studied in DBA/2J mice, Experiment 1 examined locomotor effects of SB-334867 (0, 10, 20, or 30 mg/kg) in a between-subjects design (n= 12/group). This experiment did not include the 40 mg/kg dose (used later only for the final test in Experiment 5) because the literature suggested it was beyond the dose range that was expected to be effective in altering CPP. Mice were first habituated to handling and injection in a single session 3 days before the activity test session. During this habituation session, saline was injected immediately before a 5-min exposure to the conditioning apparatus on a white paper floor. On the test day, mice were randomly assigned to groups and received their assigned dose of SB-334867 immediately before placement into the chamber for 60 min.
General behavioral procedures for CPP experiments (Experiments 2, 4, and 5)
Habituation A one-day habituation procedure preceded conditioning in Experiments 2, 4, and 5. The purpose of this session was to adapt mice to handling and injection procedures. Animals were injected with saline (0.9% NaCl, 12.5 ml/kg) and placed in the conditioning apparatus on a white paper floor for 5 min.
Conditioning
An unbiased place-conditioning procedure was used (Cunningham et al. 2003) . Mice were randomly assigned to two conditioning subgroups (G+ and G-). The G+ subgroup received an IP injection of ethanol (2 g/kg) immediately before exposure to the matching grid floor halves (CS+ trials) and saline before exposure to the hole floors (CS-trials). In contrast, the G-subgroup received ethanol paired with the hole floor and saline with the grid floor. Mice received only one trial per day and each trial lasted 5 min. Conditioning consisted of eight sessions (four CS+ trials and four CS-trials on alternating days); order of exposure to each type of trial was counterbalanced within subgroups. Pretreatment injections were given in the home cage 30 min before conditioning trials in Experiments 2 (vehicle or SB-334867) and 5 (vehicle only). This conditioning procedure has been repeatedly shown to induce a strong ethanol CPP in DBA/2J mice in our laboratory .
Preference test
Preference testing occurred after the second pair of conditioning trials and after the fourth pair of trials (Experiment 2 and 5) or after the fourth pair of trials only (Experiment 4). Testing mice after only two pairs of conditioning trials provided an opportunity to assess antagonist pretreatment effects at an intermediate point in training, thereby reducing concerns that pretreatment effects might be obscured by a response ceiling (Groblewski et al. 2008) . All mice received a saline injection immediately before placement in the center of the conditioning apparatus with both floor types for each 30-min test. Pretreatment injections (vehicle or SB-334867) were given in the home cage 30 min before tests in Experiments 4 and 5. Test session activity data (mean counts/min) were recorded to aid in the interpretation of preference data (see Gremel and Cunningham 2007) .
Experiment 2: SB-334867 effects on CPP acquisition This experiment was designed to determine whether OX1R signaling is involved in the development of ethanol CPP. Conditioning proceeded as described above in "General behavioral procedures for CPP experiments." The OX1R antagonist SB-334867 (0, 15, or 30 mg/kg) was administered 30 min before CS+ trials (n=14-16 per conditioning subgroup). All mice received vehicle injections 30 min before CS-trials. Mice were tested 48 h after the second pair of trials and 48 h after the fourth pair of trials in 30-min place preference tests.
Experiment 3: SB-334867 effects on ethanol pharmacokinetics
To address the possibility that SB-334867 altered ethanol absorption or distribution, Experiment 3 examined blood ethanol concentrations (BEC) in naive mice pretreated with vehicle or 30 mg/kg SB-334867 (n =10/group) 30 min before injection of ethanol (2 g/kg). A third group pretreated with saline (n = 10) was also included to address the possibility that the β-cyclodextrin vehicle affects BEC. We chose to test the 30 mg/kg SB-334867 dose because it was the only dose that produced a significant behavioral effect in Experiment 2 (see "Results"). After 1 week acclimation to the colony, blood samples (20 μl/sample) were collected from the saphenous vein at 10 and 30 min after ethanol injection in a withinsubjects design. Due to premature clotting and other problems, samples of sufficient volume could not be obtained from one or two mice in each group at each time point. Thus, the final group sizes were 8-9 per group. Samples were analyzed using gas chromatography (Rustay and Crabbe 2004) .
Experiment 4: SB-334867 effects on CPP expression (no vehicle habituation)
This experiment was designed to determine if acute OX1R activation is required for expression of ethanol CPP. Conditioning proceeded as described above in "General behavioral procedures for CPP experiments." Twenty-four hours after the fourth pair of trials, the OX1R antagonist SB-334867 (0, 15, or 30 mg/kg) was injected 30 min before the place preference test. An initial group of 96 mice was used for this experiment (n =14-16 per conditioning subgroup). However, the vehicle (0 mg/kg) control group showed a CPP that was much weaker than expected (see "Results") when compared to other recent studies that used identical conditioning parameters, but no pretest treatment injection (e.g., Groblewski et al. 2008) . Thus, the experiment was repeated in a second replication of 96 mice to determine whether the behavior of the 0 mg/kg control group was due to sampling error.
Experiment 5: SB-334867 effects on CPP expression (after vehicle habituation)
Given the apparent disruption of CPP expression in the vehicle (0 mg/kg) control group in Experiment 4, Experiment 5 was performed to further investigate CPP expression using a procedure intended to habituate mice to the pretreatment vehicle injection before testing. Conditioning proceeded as described above in "General behavioral procedures for CPP experiments," except that 30 min before every conditioning trial (CS+ and CS-), all mice received a vehicle pretreatment injection in the home cage. Preference tests occurred 24 h after the second pair of trials and 24 h after the fourth pair of trials. The OX1R antagonist SB-334867 (0 or 30 mg/kg) was injected 30 min before the test after two trials. A third group (No Pretreat) received only the saline injection immediately before the test with no pretreatment injection in the home cage. The purpose of this additional control group was to provide a "normal CPP" baseline against which to compare the 0 mg/kg pretreatment group. If the habituation procedure successfully eliminated whatever had disrupted CPP in Experiment 4, the No Pretreat and 0 mg/kg groups would be expected to express similar levels of CPP. Because 30 mg/kg had no effect on CPP after 2 trials, the antagonist dose was increased to 40 mg/kg (by increasing injection volume) and was injected 30 min before the final test to the SB-334867 group and to the No Pretreat group (previously SB-334867 naive). All conditioning subgroups contained 15-16 mice.
Statistical analyses
The primary dependent variable on CPP expression tests was time spent on the grid floor. Seconds spent on the grid side was divided by total duration of the test session in min (i.e., 30), creating a dependent variable indexed in s/min. This simple transformation allows ready comparison to the full range of possible outcomes (e.g., 0 s/min=complete aversion to grid; 60 s/min = complete preference for grid). Also, because there are only two possible locations, time spent on the hole side is reflected in the difference between mean time on grid and the 60 s/min maximum. The difference in time spent on the grid floor between mice that had ethanol paired with the grid floor (G+) and mice that had saline paired with the grid floor (G-) indexes CPP strength (Cunningham et al. 2003) . Preference data were initially analyzed using a threeway (Group×Conditioning Subgroup×Time) analysis of variance (ANOVA). For all experiments, "group" refers to the antagonist pretreatment groups, "conditioning subgroup" refers to G+/G-assignment, and "time" refers to the first 15 min versus last 15 min of the test. Mean time on the grid floor during the first and second half of the preference test was compared to determine if there were time-dependent changes in the strength of CPP expression. When multiple preference tests were conducted (Experiment 2 and 5), a mixed ANOVA (Group×Conditioning Subgroup×Test) was also used to analyze data across tests. Replication was included as an additional between-subjects factor in analyses of Experiment 4.
Test session activity data were analyzed using a mixed ANOVA (Group×Time) or a one-way ANOVA (Group). Conditioning trial activity data were analyzed using a mixed ANOVA (Group×Trial×Trial type). "Trial type" refers to whether saline (CS-) or ethanol (CS+) was administered before the trial. In Experiment 2, conditioning activity data were also analyzed using a mixed ANOVA that included minutes as an additional within-subjects factor.
BEC data were analyzed using one-way ANOVAs at each time point. The α-level for all analyses was p=0.05. All post hoc analyses were Bonferroni-corrected pairwise comparisons.
Results
Subject attrition
In Experiment 2, two mice were excluded because of a procedural error, one mouse died, and one mouse was excluded because of an injection injury making the total sample size 92. In Experiment 4, five mice were removed for procedural errors making the total sample size 187. In Experiment 5, two mice died, two mice were removed due to a procedural error, and one mouse was removed for an injection injury making the total sample size 91.
Experiment 1: SB-334867 effects on locomotor activity Activity counts for each of the four dose groups (0, 10, 20, and 30 mg/kg) are plotted in 5 min time bins over the 60-min session in Fig. 1 . Although activity decreased over time (presumably due to habituation), there was no acute effect of SB-334867 on activity. A Group×Time ANOVA supported these conclusions, yielding a significant main effect of time [F(11,484) =39.9, p<0.0001], but no effect of dose or interaction. Thus, this study suggested that SB-334867 should not alter locomotor activity when DBA/2J mice are tested within 60 min after antagonist treatment in a CPP procedure.
Experiment 2: SB-334867 effects on CPP acquisition
Preference tests
Mean times spent on the grid floor by each dose group during the preference tests after two pairs of conditioning trials (left panel) and after 4 pairs of conditioning trials (right panel) are shown in Fig. 2 . On both tests, G+ subgroups spent more time on the grid floor than the Gsubgroups, indicating development of a place preference. As expected, CPP magnitude was stronger after four conditioning trials than after two conditioning trials.
Mean Activity Counts/min Minutes Fig. 1 Mean activity counts/min (±SEM) in 5-min bins during the 60 min after injection of SB-334867 in Experiment 1 (0, 10, 20, or 30 mg/kg; n=12/dose group). The decrease in activity over time was significant, but there was no effect of dose However, there was no effect of SB-334867 during either test.
These observations were supported by two-way (Group× Conditioning Subgroup) ANOVAs conducted separately for each test, which yielded significant main effects of conditioning subgroup [F values(1,86) ≥100.2, p values< 0.001], but no group effect or interaction, indicating that all groups showed a significant CPP of similar magnitude on both tests. To address time-dependent changes in CPP magnitude within each test, separate three-way ANOVAs (Group×Conditioning Subgroup×Time) were also performed. These analyses yielded a significant conditioning subgroup×time interaction on test 2 [F(1,86)=7.4, p< 0.008)], and a marginal conditioning subgroup×time interaction on test 1 [F(1,86)=3.4, p<0.07)], reflecting stronger preference during the first half of each test (data not shown).
To address the effect of number of conditioning trials, a three-way (Group×Conditioning Subgroup×Test) ANOVA was conducted. Preference was significantly larger after four conditioning trials as indicated by a significant conditioning subgroup×test interaction [F(1,86)=90.2, p<0.001]. There were no group differences in locomotor activity on either test (Table 1) .
Conditioning activity
Consistent with previous studies in DBA/2J mice, activity on ethanol trials exceeded that on saline trials, confirming the locomotor-stimulating effect of the 2 g/kg dose. Unexpectedly, pretreatment with SB-334867 dosedependently reduced the increase in locomotor activity normally produced by ethanol. Mean activity counts per min (±SEM) on ethanol trials were 161.9 (±5.0), 149.6 (±4.3), and 137.1 (±4.0) for the 0, 15, and 30 mg groups, respectively. On saline trials (after pretreatment with vehicle), group means were 57.5 (±1.8), 60.7 (±1.6), and To further examine the effect of the OX1R antagonist on ethanol-stimulated activity, mean activity counts were examined during each minute of the conditioning sessions, averaged over trials. As can be seen in Fig. 3 , SB-334867 did not affect activity during the first 2 min of ethanol trials. However, the antagonist dose-dependently reduced ethanolstimulated activity during the last 3 min, indicating rapid development of the effect within a few minutes after injection. Three-way (Group×Trial Type×Minute) ANOVA yielded significant outcomes for all main effects and interactions (p values<0.02), including the three-way interaction [F(8,356) Mean BECs (mg/ml ± SEM) are shown for each group in Table 2 . There was no difference between the 0-(β-cyclodextrin vehicle) and 30 mg/kg groups at either time point. Although BEC in the saline pretreated group was slightly higher at 10 min, all groups showed similar BECs 30 min after ethanol injection. One-way ANOVAs confirmed the absence of a group effect at 30 min (F<1], but revealed a significant group effect at 10 min [F(2,22)=3.8, p<0.05], reflecting higher BEC after pretreatment with saline than after pretreatment with 30 mg/kg SB-334867 (Bonferroni-adjusted p=0.04). However, there was no significant difference between the saline and 0 mg/kg groups, indicating that the β-cyclodextrin vehicle did not affect ethanol pharmacokinetics. Overall, these data indicate that ethanol absorption and distribution were not altered by SB-334867.
Experiment 4: SB-334867 effects on CPP expression (no vehicle habituation)
Preference test Figure 4 shows mean times spent on the grid floor by each group during the first 15 min of the preference test collapsed across both replications of the study. Unexpectedly, CPP was reduced compared to Experiment 2. Nevertheless, the higher antagonist dose (30 mg/kg) appeared to interfere with CPP expression. Two-way ANOVA (Group×Conditioning Subgroup confirmed overall expression of a significant preference [significant main effect of conditioning subgroup, F(1,181) = 33.3, p < 0.0001]. However, the group×conditioning subgroup interMinutes Mean Activity Counts/min Fig. 3 Mean activity counts/min (±SEM) during consecutive minutes of the ethanol (CS+) and saline (CS-) conditioning trials, averaged over all four trials of each type in Experiment 2. Mice were pretreated with SB-334867 (0, 15, or 30 mg/kg) 30 min before each ethanol (CS+) conditioning trial (n=29-32/dose group). Activity on CS+ trials was significantly greater than activity on CS trials. There were no differences between dose groups on CS-trials, but SB-334867 produced a dosedependent reduction in ethanol-stimulated activity on CS+ trials. CS+ activity in the 30 mg/kg group was significantly less than CS+ activity in the 0 mg/kg vehicle control group (p<0.001); the 15 mg/kg group did not differ from either of the other groups . Post hoc comparisons between the G+ and Gconditioning subgroups within each pretreatment drug condition showed significant CPP in the 0 and 15 mg/kg groups (Bonferroni-corrected p values<0.001), but not in the 30 mg/kg group, suggesting blockade of CPP expression at the higher dose. The reduced CPP in the vehicle (0 mg/kg) group (relative to previously published studies) did not appear to be due to sampling error because the effect was present in both replications (i.e., a Group×Conditioning Subgroup× Replication ANOVA yielded no significant interactions between replication and either of the other factors). Also, in contrast to Experiment 2, CPP was not maintained throughout the entire 30-min test. Means (±SEM) during the last 15 min were 27.3 (±1.6) and 30.6 (±1.9) for the G+ and G-groups, respectively. A three-way ANOVA that included time as a factor (Group×Conditioning Subgroup× Time) supported this observation by showing a significant conditioning subgroup×time interaction [F(1,181)=74.1, p <0.0001], reflecting the significant main effect of conditioning subgroup during the first 15 min (see above), but not during the last 15 min [F(1,181)=1.9, p=0.18]. There were no group differences in activity during the first 15 min of testing (Table 1) .
Conditioning activity
Overall mean activity rates (±SEM) were 144.1 (±2.5) and 55.1 (±0.9) counts/min on CS+ and CS-trials, respectively. Three-way ANOVA (Group×Trial×Trial Type) yielded the expected main effect of trial type [F(1,184)=1555.2, p< 0.0001] and a trial×trial type interaction [F(3, 552)=10.2, p<0.0001], reflecting divergence between CS+ and CSactivity across days (data not shown).
Summary
The high dose of SB-334867 (30 mg/kg) blocked expression of ethanol CPP. However, this finding was complicated by an unexpectedly low preference in the vehicle control group, an effect that may have been caused by the novelty of receiving a pretreatment injection or novelty of the vehicle solution. Thus, Experiment 5 was designed to further examine OX1R antagonist effects on CPP expression by using habituation to vehicle injection and pretreatment handling to reduce or eliminate these potential influences on test performance.
Experiment 5: SB-334867 effects on CPP expression (after vehicle habituation)
Preference tests Figure 5 shows mean time spent on the grid floor by each group on the tests after the first two pairs of conditioning trials (left panel) and after all four pairs of trials (right panel). On both tests, all groups expressed a significant preference of similar magnitude, indicating no effect of the OX1R antagonist, even after the dose was increased to 40 mg/kg on the second test. Moreover, the Vehicle (0 mg/kg) Pretreatment group and the No-Pretreat group displayed similar preferences on the first test, suggesting that the pretreatment habituation procedure eliminated any disruption in performance that might be related to novelty of the vehicle pretreatment injection. On the test after four conditioning trials, both of the groups that received 40 mg/kg SB-334867 showed preferences similar to the vehicle (0 mg/kg) control group, indicating no effect of the drug on expression of CPP.
Two-factor (Group×Conditioning Subgroup) ANOVAs conducted separately for each test yielded significant main effects of conditioning subgroup [F values (1, 85) >46.3, p values<0.0001], but no main effect of group or interaction, indicating that SB-334867 did not alter CPP expression in either test. As in the case of Experiment 2, separate threeway ANOVAs (Group×Conditioning Subgroup×Time), conducted to address possible time-dependent changes in CPP within each test, yielded a significant conditioning SB-334867 Dose (mg/kg) Mean Time on Grid (s/min) Fig. 4 Mean time on the grid floor (s/min ± SEM) during the first 15 min of the 30-min test in Experiment 4. On conditioning trials, mice in the G+ conditioning subgroups received ethanol (2 g/kg) injections immediately before 5-min exposure to the grid floor on CS+ trials; saline was injected before exposure to the hole floor on CStrials. The cue-drug contingencies were reversed for mice in the Gconditioning subgroups. Mice were pretreated with SB-334867 (0, 15, or 30 mg/kg) 30 min before the test, but received no pretreatment before conditioning trials (n=30-32/conditioning subgroup). Twoway ANOVA confirmed development of significant CPP, but no effect of antagonist dose or interaction. Separate post hoc tests at each dose indicated a significant CPP in the 0 and 15 mg/kg groups (Bonferronicorrected p values<0.001), but not in the 30 mg/kg group subgroup×time interaction on both tests [F values (1, 85 )> 13.9, p values<0.001], reflecting a stronger preference during the first 15 min of each test (data not shown). Threeway (Group×Conditioning Subgroup×Test) ANOVA suggested there was a small increase in CPP magnitude after four pairs of conditioning trials compared to the test after 2 trials as shown by a marginal conditioning subgroup×test interaction [F(1,85)=3.4, 0.05<p<0.07]. There were no group differences in activity on the second test, but there was a significant group effect during the first test [F(2,88)= 10.2, p<0.0001], reflecting less activity in the 30 mg/kg group compared to the No-Pretreat group; the 0 and 30 mg/kg groups did not differ (Table 1) .
Conditioning activity
Mean activity rates (±SEM) were 171.6 (±3.2) and 58.2 (±1.0) counts/min on CS+ and CS-trials, respectively. Three-way ANOVA (Group×Trial×Trial Type) yielded the expected significant main effect of trial [F(3,264) 
Summary
The results of Experiment 5 indicate that OX1R antagonism during expression testing does not affect expression of CPP when preference is strong and not subjected to disruption as in Experiment 4.
Discussion
These experiments, which are the first to investigate orexin signaling and ethanol-induced CPP, indicate that OX1R plays little or no role in the acquisition (Experiment 2) or expression (Experiment 5) of this form of ethanolconditioned behavior. OX1R blockade failed to alter CPP whether tested at an intermediate level of performance (i.e., after two pairs of conditioning trials) or at a higher level of performance (i.e., after four pairs of conditioning trials), reducing concern that the lack of effect was due to insensitivity at the extremes of the performance range (Groblewski et al. 2008) . Although the antagonist appeared to block the expression of a weak to moderate CPP (Experiment 4), this effect was most likely due to some interaction between the drug and novelty of the vehicle pretreatment procedure because the effect was absent in mice that were well habituated to vehicle pretreatment before testing (Experiment 5).
The inability of SB-334867 to reliably alter either the acquisition or expression of ethanol-induced CPP cannot be explained by insensitivity of our procedures. This laboratory has previously published many studies showing effects of various pharmacological or neurobiological manipulations on the acquisition (Boyce- Rustay and Cunningham 2004; Chester and Cunningham 1999b; Gremel and Cunningham 2008) , expression (Bechtholt and Cunningham 2005; Gremel and Cunningham 2007 , and extinction (e.g., Cunningham et al. 1995, 1998) of ethanol-induced CPP using the same mouse strain, equipment, and procedures described here. Thus, the place-conditioning procedures used here were appropriate for detecting potential effects of SB-334867.
SB-334867 dose and route of administration
Two potential issues in the interpretation of our studies are: (a) the selection of SB-334867 doses, and (b) the systemic route of administration. Given the significant effect of SB-334867 (30 mg/kg) on ethanol-stimulated activity (Experiment 2) and the use of doses that have produced significant behavioral effects in previous studies with both rats and mice, the absence of an effect on CPP is not easily attributed to inappropriate dose selection. Nevertheless, it is possible that systemic administration of SB-334867 at these doses did not produce the brain concentrations required in mice to block OX1R signaling and produce the hypothesized alterations in glutamate or dopamine transmission. Although a previous study reported reduction in morphine-induced CPP in rats using systemic administration of 30 mg/kg (Harris et al. 2005 ), more compelling evidence that the antagonist interfered with CPP was provided in later studies that involved infusion of SB-334867 into VTA (e.g., Harris et al. 2007; Narita et al. 2006) . Future studies of ethanol-induced CPP in mice could address this issue by infusing SB-334867 directly into VTA or other brain regions to allow for more specific conclusions.
SB-334867 effects on ethanol stimulated activity SB-334867 (0-30 mg/kg) did not affect basal locomotor activity (Experiment 1), a result consistent with previous studies using lower doses (0-20 mg/kg) in rats (Richards et al. 2008 ) and mice (Sharf et al. 2010) , but inconsistent with a recent study showing that a 30 mg/kg dose reduced horizontal activity in rats ). Although our studies showed no antagonist effect on basal activity, SB-334867 (30 mg/kg) significantly reduced locomotor stimulation to ethanol without altering BEC (Experiment 3) or acquisition of ethanol CPP (Experiment 2). The latter finding is in general agreement with previous studies from our laboratory that have shown dissociation between ethanol's rewarding and locomotor-stimulating effects (e.g., Chester and Cunningham 1999a; Risinger et al. 1992 ). The antagonist's effect on ethanol-stimulated activity might indicate that orexin signaling is normally involved in modulating ethanol's low-dose stimulant effect or highdose depressant effects. The presence of OX1Rs in the amygdala and VTA (Marcus et al. 2001 ) supports this hypothesis because both brain areas have been implicated in the control of ethanol-induced activation (Boehm et al. 2002; Gremel and Cunningham 2008) . For example, SB-334867 might interfere with the normal modulating effect of endogenous orexin on dopamine neurons in VTA, thereby reducing ethanol-induced dopamine release, leading to a decrease in ethanol's stimulant effects.
Orexin's role in the primary and conditioned rewarding effects of ethanol Previous studies have shown that SB-334867 reduced operant oral self-administration (Lawrence et al. 2006 ) and drinking ) of ethanol in rats, but did not affect responding for water (Lawrence et al. 2006; Moorman and Aston-Jones 2009) or sucrose (Richards et al. 2008) . Moreover, OX1R blockade interfered with reinstatement of an extinguished operant response induced by a cue previously paired with access to ethanol (Lawrence et al. 2006) or by exposure to a stressor (yohimbine; Richards et al. 2008) . Such findings have been interpreted as evidence that the antagonist selectively reduced ethanol reward or motivation to seek ethanol ).
In contrast, the present studies showed that OX1R played no role in the primary or conditioned rewarding effects of ethanol as indexed by CPP in mice. More specifically, the absence of an antagonist effect on CPP acquisition (Experiment 2) is not consistent with the suggestion that SB-334867 reduced ethanol's primary rewarding effect or the learning of a cue-ethanol association. Also, the absence of an antagonist effect on CPP expression (Experiment 5) is not consistent with the suggestion that SB-334867 interfered with ethanol's conditioned rewarding effect or retrieval of the cue-ethanol association. Lawrence et al. (2006) attributed the antagonist's effect on cue-induced reinstatement to blockade of a conditioned increase in endogenous orexin that normally activates neural pathways involved in ethanol seeking. Although one might expect similar processes to be engaged by exposure to an ethanol-paired floor cue during a CPP test, the absence of an antagonist effect in our studies fails to support this prediction.
One possible explanation for the discrepancy between the CPP studies and the oral self-administration studies might be that mice and rats differ either in the role that OX1R plays in ethanol seeking or in the efficacy of SB-334867. Since our studies are the first to examine effects of this antagonist on ethanol seeking in mice, this possibility is difficult to evaluate. However, other recent studies have shown significant effects of SB-334867 on morphineseeking (Sharf et al. 2010 ) and nicotine-seeking (PlazaZabala et al. 2010) behavior in mice, indicating that OX1R's hypothesized broader role in drug seeking is not limited to rats. Nevertheless, it remains possible that OX1R is involved in ethanol seeking by rats, but is not involved in ethanol seeking by mice.
There are also several procedural differences between the rat and mouse ethanol studies that might underlie differences in the effect of SB-334867. For example, in all of the selfadministration studies, rats received substantial cumulative exposure to ethanol over many days of acquisition training before antagonist testing, whereas mice in the CPP studies received relatively little (Experiments 4-5) or no (Experiment 2) exposure to ethanol before antagonist treatment, raising the possibility that SB-334867 reduced self-administration in rats by disrupting ethanol tolerance or sensitization. Other differences between the self-administration and CPP studies include: route of administration (oral vs. IP), ethanol dose per session (variable doses<2.0 vs. 2.0 g/kg), rate of ethanol exposure (slow ingestion vs. rapid bolus injection), and the presence (self-administration) or absence (CPP) of ethanol's olfactory cues. Any one or several of these differences might have affected activation of the orexin system or the efficacy of SB-334867. Another more general possibility is that OX1R plays a more important role in an instrumental learning procedure in which the animal controls drug exposure (e.g., self-administration) than in a Pavlovian conditioning procedure in which the experimenter controls drug exposure (e.g., CPP). However, this difference would presumably be unique to ethanol because the literature already includes several examples of SB-334867's influence on Pavlovian conditioning induced by experimenter administration of other drugs, including several CPP studies (e.g., Harris et al. 2005 Harris et al. , 2007 Narita et al. 2006; Sharf et al. 2010) .
Another potential explanation for the discrepancy is that the antagonist's effect in oral ethanol self-administration procedures might be related more to ethanol's taste and high caloric value (7 kcal/g) than to ethanol's presumed rewarding postabsorptive pharmacological effects. Although Richards et al. (2008) reported no effect of SB-334867 (20 mg/kg) on operant responding or reinstatement of responding for sucrose, more recent studies have shown that a lower SB dose will reduce breakpoint on a progressive ratio schedule involving a highly salient (high fat) food reward ) and that a higher SB dose (30 mg/kg) will reduce fixed-ratio responding for sucrose pellets in rats that are food-restricted or fed ad libitum (Cason et al. 2010) . Moreover, the higher SB dose has also been reported to reduce cue-induced reinstatement of sucrose seeking in food-restricted rats (Cason et al. 2010) . While not conclusive, such findings certainly leave open the possibility that SB-334867 reduced ethanol selfadministration and reinstatement of ethanol seeking by interfering with orexin signaling related to the processing of ethanol as a high-calorie food.
Whether previously reported effects of SB-334867 on oral ethanol self-administration also reflected a reduction in ethanol's rewarding postabsorptive pharmacological effects is not clear. The ability of orally consumed ethanol to induce an intoxicating BEC depends critically on several factors including the rate at which ethanol is consumed and the contents of the stomach. For example, slow ingestion of a relatively large dose of ethanol with food in the stomach may produce little or no increase in BEC compared to the same dose given rapidly by IP injection (Goldstein 1983) , even though the caloric content of both ethanol exposures is identical. Because none of the previous studies of OX1R antagonist effects on oral ethanol self-administration reported BECs achieved by vehicle control animals, the contribution of postabsorptive pharmacological effects to the behavioral results is unclear. Although it did not eliminate ethanol's calories, the rapid IP injection used in our studies produced a substantial BEC (Table 2) , increasing confidence that mice experienced significant postabsorptive rewarding pharmacological effects. Thus, the discrepancy between the effects of SB on oral ethanol intake and CPP might reflect a difference between these two procedures in the relative contributions of ethanol's taste/calories and rewarding postabsorptive pharmacological effects to behavior.
In the case of oral self-administration, where ethanol's taste and calories sometimes play a greater role than ethanol's rewarding pharmacological effects (Leeman et al. 2010) , SB might have reduced responding primarily via actions on feeding-related systems stimulated by ethanol's taste/calories or by CSs that engage those systems. For CPP, however, the ability to detect effects of SB on feedingrelated systems activated by ethanol's taste/calories or ethanol-paired cues might have been obscured by SB's inability to offset stronger rewarding pharmacological effects of ethanol or conditioned reward based on such effects. Direct evidence for this hypothesized task difference in the balance between ethanol's caloric and pharmacological effects is lacking, but this issue should be addressed in future research that compares these two prominent models of ethanol reward. Finally, it is important to note that discordance between findings from CPP and self-administration studies is not unique to ethanol, but has been noted for other abused drugs as well (Bardo and Bevins 2000) .
Orexin's role in drug-reward and drug-seeking behavior As noted earlier, the literature offers substantial evidence for a role of the orexin system in behaviors that reflect rewarding or incentive motivational effects of many abused drugs, including morphine (Harris et al. 2005 (Harris et al. , 2007 Narita et al. 2006; Sharf et al. 2010) , cocaine (Boutrel et al. 2005; Smith et al. 2009 Smith et al. , 2010 , nicotine (Hollander et al. 2008; Plaza-Zabala et al. 2010) , and ethanol (Dayas et al. 2008; Lawrence et al. 2006; Moorman and Aston-Jones 2009; Richards et al. 2008) . However, studies involving SB-334867 have yielded a relatively complicated pattern of results that vary depending upon the target drug, behavioral procedure, and perhaps species. For example, antagonist pretreatment reduced nicotine (Hollander et al. 2008 ) and ethanol self-administration (Lawrence et al. 2006; Moorman and Aston-Jones 2009; Richards et al. 2008 ), but did not interfere with cocaine self-administration in rats ). Furthermore, although SB-334867 interfered with the acquisition of stimulus-morphine learning (Harris et al. 2007; Narita et al. 2006) , it had no effect on the acquisition of stimulus-cocaine ) or stimulus-ethanol (Experiment 2) learning. Such findings indicate that OX1R's role in primary drug reward or in the learning of responsedrug or stimulus-drug associations varies depending on the drug.
Evidence for OX1R's role in the processes that underlie reinstatement of an extinguished drug-seeking response has been more consistent across drugs. More specifically, these studies showed that SB-334867 interfered with reinstatement of responding for morphine (Harris et al. 2005) , nicotine (Plaza-Zabala et al. 2010) , cocaine (Boutrel et al. 2005; Smith et al. 2009 Smith et al. , 2010 , and ethanol (Lawrence et al. 2006; Richards et al. 2008) . However, there have been differences across drugs in the antagonist's ability to interfere with the expression of CPP. Although systemic administration of SB-334867 reduced the expression of morphine-induced CPP in rats (Harris et al. 2005) , it had no effect on expression of either cocaine-induced (Sharf et al. 2010) or ethanol-induced (Experiment 5) CPP in mice. Overall, this pattern of findings suggests that OX1R's role in the incentive motivational processes that underlie reinstatement and expression of CPP differs, depending on the drug used to establish drug-seeking behavior. Aston-Jones et al. (2009 have proposed that orexin signaling may be critical only for events that depend on orexin's ability to potentiate glutamate-mediated responses of VTA dopamine neurons, thereby reconciling several of the differences across drugs and behavioral procedures. The suggestion that orexin might influence ethanol reward via actions in VTA is well supported by many findings, including recent data showing that low concentrations of ethanol increase glutamate release in VTA (Deng et al. 2009; Xiao et al. 2009 ). However, although previous research has implicated VTA opioid and GABA B receptors in the expression of ethanol-induced CPP (Bechtholt and Cunningham 2005) , the specific role of VTA glutamate responses during the acquisition or expression of ethanol-induced CPP remains unknown. One potential interpretation of the present findings is that SB-334867 failed to alter ethanol-induced CPP because VTA glutamate transmission plays a negligible role in the acquisition and expression of this form of ethanol seeking behavior. This issue should be addressed in future studies of the VTA's role in ethanol-induced CPP.
Summary and conclusions
In summary, the present studies show that OX1R signaling is not required for acquisition or expression of the conditioned rewarding effects of ethanol as indexed by the CPP procedure in mice. Nevertheless, OX1R blockade dose-dependently reduced ethanol-stimulated locomotor activity, an effect that cannot be explained by a change in ethanol pharmacokinetics. The present studies do not diminish the substantial literature supporting the orexin system's role in the rewarding and incentive motivational effects of many abused drugs, but they clearly show that additional research is needed to more fully characterize the role of the orexin system in ethanol reward-related behaviors.
